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Abstract: The air, moisture and thermally stable
1,2,3-triazole coordinated gold(I) complexes (TA-
Au) were revealed as the effective catalysts in pro-
moting propargylic ester rearrangement and se-
quential allene hydration, giving the enones with
excellent yields (up to 97% yields, 0.2% loading).
The catalysts could also catalyze the more challeng-
ing Meyer-Schuster rearrangement (0.5% loading,
up to 98% yields). The reported reaction confirmed
TA-Au as a chemoselective catalyst in promoting
alkyne activation with high efficiency and improved
ligand economy.

Keywords: allenes; enones; Meyer—Schuster rear-
rangement; propargylic ester rearrangement; tri-
azole gold complexes

Homogenous gold catalysis has gained tremendous in-
terests during the last decade due to its high efficiency
in C/C multiple bond activation."! Similar to other
transition metal complexes, ligands played a critical
role in tuning the catalyst reactivity. One good exam-
ple is the N-heterocyclic carbene (NHC) bound Au(I)
complexes, which have gained great attention in this
fast developing research field.”” The different reactivi-
ty of the [NHC-Au]*-based catalysts® relative to the
simple [PR;-Au]*-based catalysts toward alkyne and
alkene activation made them one of the most popular
systems in homogenous gold catalysis. Recently, our
group reported the synthesis and characterization of
the 1,2,3-triazole-bound gold complexes (TA-Au) as
effective catalysts toward the alkyne activation.!! This
new class of catalysts exhibited significantly improved
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thermal and substrate stability. These results opened
up a new strategy in tuning gold reactivity through
the counter ligand instead of the primary ligand.
Herein, we report the application of the 1,2,3-tri-
azole-coordinated PPh;-Au catalysts (TA-Au) in
promoting the propargylic ester rearrangement and
sequential hydration to form the enone with high effi-
ciency (0.2% catalyst loading, up to 97% isolated
yields), unique reactivity (combining the chemoselec-
tivity and acidity) and improved ligand-economy
(usea the much cheaper triazole and PPh; ligands as
compared with NHC ligands). In addition, with the
significantly improved thermal stability, TA-Au was
further applied as the effective catalyst in promoting
the the propargylic alcohol Meyer—Schuster rear-
rangement!® to give the enones (0.5% catalyst load-
ing, up to 98% yields), which highlighted the strength
of this complex compared with other conventional
L-Aut catalysts.

As indicated in Scheme 1, one advantage of the
TA-Au catalyst is the significantly lower cost of the li-
gands. Compared with the NHC ligands, the combina-
tion of the PPh; primary ligand and triazole counter
ligand can be > 1000 times cheaper than the NHC pri-
mary ligand. Our original intention was to test wheth-
er TA-Au could promote transformations that previ-
ously required the expensive NHC primary ligands
(to improve the ligand economy of the overall reac-
tion). This initiated our investigation on the enone
synthesis from the propargylic esters with our TA-Au
catalyst.

The gold-catalyzed propargylic ester 3,3-rearrange-
ment is a well-studied transformation.”’ One applica-
tion of this process was the synthesis of enones from
sequential hydration of the allene-acetate 2a inter-
mediates (Scheme 2, path B).®! Although this direct
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Scheme 1. NHC: good ligands in gold catalysis but at high
cost.
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Scheme 2. L-Au*: effective catalysts activating both alkyne
and allene.

transformation provided one attractive strategy in
preparing enones under mild conditions, it suffered
from limited substrate scope due to the side reactions
caused by the gold-promoted allene activation. One
side reaction was the intramolecular Friedel-Crafts
cyclization of 2a, giving the indene 3a.”! As a result, a
simple Au(I) catalyst, such as PPh;Au*, gave poor
overall yields of the desired enones (5% Ph;PAuCl
AgOTf, <40% yields, Scheme 2). To overcome this
problem, Nolan and co-workers investigated different
N-heterocyclic carbene ligands."” The more steric
hindered [(ItBu)Au]™ complex was revealed as the
optimal catalyst for the formation of enones with high
efficiency (1% loading, up to 98% yields). The au-
thors have performed comprehensive mechanistic in-
vestigations.®! Through both experimental and com-
putational studies, the Sy2’ water addition to the gold-
activated alkyne was suggested as the mechanism by
avoiding the formation of allene [Scheme 3(A)]. This
mechanism was further supported by two other exper-
imental observations: (i) no enone formation was ob-
served with #-Bu-substituted alkyne 1b [Scheme 3
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Scheme 3. Proposed Sy2’ addition mechanism by Nolan.

(B)], and (ii) treating allene ester 2a with the NHC-
Au catalyst did not give enone 4a [Scheme 3 (C)].
Recently, we reported the synthesis of E-a-iodo-
enone from a propargylic ester 3,3-rearrangement fol-
lowed by the iodination of the allene ester. Interest-
ingly, while all other [L-Au]* catalysts (such as [NHC-
Au]* and [PPhs;-Au]t) gave only the thermodynami-
cally stable Z-isomers, the application of TA-Au led
to the selective formation the kinetically favored E-
isomers.!*! These results suggested that TA-Au was a
chemoselective catalyst, which could effectively pro-
mote alkyne activation without interrupting the inher-
ent reactivity of the allene intermediates. Moreover,
as shown in Scheme 4 (A), although the allene ester
2a was rather stable even at elevated temperatures,
treatment of this compound with a catalytic amount
of acid could effectively convert the allene to the de-
sired enones with excellent yields. Interestingly,
unlike the previously reported NHC-Au complexes
[Scheme 3 (C)], TA-Au could effectively catalyze the
hydration of 2a at either room temperature or elevat-
ed temperature, giving the desired enone in excellent
yields. This was likely caused by the equilibrium

A)
cat. conditions 4a
H OAc 0} - MeOH, 60 °C, 10 h n.r.
ph’—°:<Bu - ph/\)LBu 5% TOH MeOH, 60 °C, 6 h 99%
2a 4a 5% TA-Au MeOH, 60 °C,6 h 98%
B)
i N
N NG
PhsP Au—N" "N-H PhsP Au—N °N
+  HOTf
TfO-
Scheme 4.
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shown in Scheme 4 (B), where a catalytic amount of
HOTTf was released to serve as the Brgnsted acid in
promoting the hydration. We then postulated that
TA-Au might be the effective catalyst in promoting
the propargylic ester rearrangement and hydration to
give enones. Unlike the previously reported
[(ItBu)Au]* catalyst, TA-Au promoted this reaction
through a chemoselective rearrangement followed by
an effective hydration with the same pre-catalysts,
which therefore provides an alternative to prepare
enones compared with the Sy2’ mechanism by the
more expensive [(ItBu)Au]? catalysts

As expected, with the TA-Au catalyst, enone 4 was
obtained in excellent yields. No indene by-products
were observed, which highlighted the chemoselective
nature of the TA-Au catalyst. TfOH was not a suita-
ble catalyst for this reaction since the 3,3-rearrange-
ment did not occur with only TEOH. Screening of sol-
vents revealed MeOH as the optimal choice. The re-
action worked smoothly at room temperature and
gave the enone product in excellent yields over 24 h.
Raising the temperature decreased the reaction time
to 3-6 h (see detailed reaction condition screening in
the supporting information). As a result, the enones 4
were obtained with near quantitive yields (>99%
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[al General reaction condition: 1 (1.0 equiv.) and TA-Au (0.2 mol%) in
wet MeOH (0.25 M), the reactions were monitored by TLC (3 - 6 h),
60 °C.

b |solated yields; E£/Z ratios were determined by "H NMR.

Scheme 5. TA-Au-catalyzed propargyl ester hydrolysis.*"!
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NMR yields) at very low catalyst loading (0.2%). As
shown in Scheme 5, the reaction tolerated large group
substrates, giving the desired enone in excellent yields
and good double-bond selectivity (dominant trans-iso-
mers). The -Bu-substituted alkyne 2b, which was not
suitable with the NHC-Au catalyst due to the S\2’
mechanism, proceeded smoothly under these alterna-
tive conditions although with slightly decreased Z/E
selectivity (4b). The high efficiency makes TA-Au a
very attractive and practical catalyst for this transfor-
mation: at least 5 times lower catalyst loading than
NHC-Au* with much less expensive ligands.
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[l General reaction conditions: 5 (1.0 equiv.) and TA-Au (0.5 mol%) in
wet MeOH (0.2 M), the reactions were monitored by TLC (4 - 12 h),
60 °C.

8] |solated yields; £/Z ratios were determined by "H NMR.

Scheme 6. TA-Au-catalyzed
ment. "]

Meyer—Schuster arrange-
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R3=H,R2=¢tBu TA-Au (0.5%): 90% yield.

Scheme 7. Comparison with the best results obtained in the
literature.

Heating the [(IPr)AuCl]/AgBF, in wet MeOH at
60°C produced a black solution/participate within
30 min, indicating the rapid decomposition of the cat-
alyst. TA-Au, on the other hand, showed much im-
proved stability, with no decomposition after more
than 6 h under the same conditions. Considering the
good thermal stability of TA-Au, we wondered wheth-
er this catalyst could also be used to promote the
challenging Meyer—Schuster arrangement of propar-
gylic alcohols 5 at higher temperature.''! Impressively,
the desired enone products were formed with excel-
lent yields. The reaction tolerated a large group of
substrates (Scheme 6). Surprisingly, the bulky fert-
butyl-substituted alkyne Sb was also suitable for this
reaction, which suggested the effective water addition
to the sterically hindered alkyne at higher tempera-
ture. The terminal alkyne!" propargylic alcohol gave
enals in modest yields,®! which were likely caused by
the longer reaction time required for the unfavored
anti-Markovnikov addition. Continuous addition of
catalysts could improve the overall yields. Neverthe-
less, the feasibility of this challenging substrate high-
lighted the strength of the TA-Au catalyst over the
[NHC-Au]* catalysts (Scheme 7) by tolerating the
much harsher conditions.!"!

In conclusion, we have reported herein the applica-
tion of triazole-coordinated Au(I) complex (TA-Au)
as effective catalyst in promoting propargylic ester re-
arrangement and hydration for the synthesis of substi-
tuted enones. The key for the success of the TA-Au
catalyst was the combination of the unique chemose-
lectivity and acidity. Extension of this transformation
to the Meyer—Schuster rearrangement by taking ad-
vantage of the thermal stability of the TA-Au further
improved the atom economy. Compared with the
more expensive NHC-Au catalysts, TA-Au promoted
the reaction through a different mechanism and
achieved better performance with lower overall costs.
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Experimental Section

Typical Experimental Procedure

To a solution of 1la (288 mg, 1.25 mmol) in wet MeOH
(5mL, 0.25M, MeOH:H,0=100:1) was added Au(I) cata-
lyst (1.8 mg, 0.0025 mol, 0.2 mol%). The reaction mixture
was stirred at 60°C. After the reaction was completed (4 h)
according to TLC, the solvent was removed under reduced
pressure and the residue was purified by flash chromatogra-
phy on silica gel (ethyl acetate/hexane =1:20, v/v) to give 4a
as a colorless oil; yield: 92%.
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